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check standards, the mean of the total number of analyses is shown and is italicized when 
there are one or more qualified concentrations.
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ABSTRACT

This report presents results of bulk geochemical, mineralogical, and water 
leachate analysis of three analytical quality-control materials (check standards) that have 
been prepared for the Western U.S. Phosphate Project of the U.S. Geological Survey. 
The purpose of the report is to publish best-consensus analytical values currently known 
for these materials. The materials are designated POW-1, POW-2, and POI-1, and they 
are made from rocks taken from channel-sampled sections of the middle waste shale, 
upper ore zone, and upper waste shale zone of the Meade Peak Member of the 
Phosphoria Formation. These materials have been prepared from the same trace element- 
enriched rocks that are being studied as part of the project, and it is a distinct analytical 
advantage to have check standards with similar concentrations of trace elements and 
similar lithologic matrix to samples being analyzed. The preparation and use of these 
check standards are intended to provide better analytical quality control for research on 
phosphatic shale by the USGS and others. As the check standards contain elevated 
concentrations of many trace elements compared with typical, unmineralized rock 
standards, especially for Cd, Cr, Mo, Ni, Se, V, and Zn, they may be useful quality 
control materials to other geochemical research that involves elevated concentrations of 
these elements in rocks. J i

The bulk chemical concentration of various major, minor, and trace elements in 
the check standards has been analyzed by a variety of analytical methodologies using an 
outside contractor and by energy-dispersive x-ray analysis as in-house analysis. In 
addition, we report the bulk mineralogy as determined by x-ray diffraction analysis and 
the water leachate concentrations of elements in the materials that are solubilized over 
reaction times ranging from 24 hours to 2 weeks.

Although these materials are not certified U.S. Geological Survey reference 
materials. They are intended to facilitate quality control within the Phosphate Project. 
The check standards are available to all interested persons and collaborators within the 
project upon request.



INTRODUCTION
Background

U.S. Geological Survey (USGS) geologists have studied the Permian Phosphoria 
Formation in southeastern Idaho and the Western U.S. Phosphate Field throughout much 
of the twentieth century. In response to a request by the U.S. Bureau of Land 
Management (BLM), a new series of resource and geoenvironniental studies was initiated 
by the USGS in 1998. Present studies involve many core scientific disciplines within the 
USGS and consist of (1) integrated, multidisciplinary research directed toward resource 
and reserve estimations of phosphate in selected 7.5-minute quadrangles; (2) elemental 
residence, mineralogical and petrochemical characteristics; (3) mobilization and reaction 
pathways, transport, and disposition of potentially toxic trace elements associated with 
the occurrence, development, and use of phosphate rock; (4) geophysical signatures; and 
(5) improving the understanding of depositional origin.

To carry out these studies, the USGS has formed cooperative research 
relationships with: two Federal agencies, the BLM and the U.S. Forest Service (USFS), 
which are responsible for land management and resource conservation on public lands; 
and with five private companies currently leasing or developing phosphate resources in 
southeastern Idaho. The companies are Agrium U.S. Inc. (Rasmussen Ridge mine), 
Astaris LLC (Dry Valley mine), Rhodia Inc. (Wooley Valley mine-inactive), J.R. Simplot 
Company (Smoky Canyon mine), and Monsanto Co. (Enoch Valley mine). Because raw 
data acquired during the project will require time to interpret, the data are released in 
open-file reports for prompt availability to other workers. The open-file reports 
associated with this series of resource and geoenvironmental studies are submitted to 
each of the Federal and industry collaborators for technical comment; however, the 
USGS is solely responsible for the data contained in the reports.

Approximately 12 percent of the nation's annual demand for phosphate is 
satisfied by the mining of the Permian Phosphoria Formation in the northwest United 
States, a marine sedimentary phosphorite deposit that extends over a 5-state region 
(McKelvey and others, 1959). Service (1966) provided an evaluation of the western 
phosphate industry in Idaho and a brief description of the mining history, ore occurrence, 
and geology. More detailed discussion of the Phosphoria Formation in the Western 
Phosphate Field is given by McKelvey and others (1959). Cressman and Swanson (1964) 
discussed detailed stratigraphy and petrology of these same rock units in nearby 
southwestern Montana. Gulbrandsen and Krier (1980) discussed general aspects of the 
large and rich phosphorus resources in the Phosphoria Formation in the vicinity of the 
Soda Springs, Idaho. Oberlindacher (1990) mapped the geology of contiguous rocks, 
including the members of the Phosphoria Formation, directly to the south of the area 
from which the rocks that comprise the standards were sampled. Gulbrandsen (1966, 
1975, and 1979) summarized bulk chemical compositional data for various lithologies of 
the phosphatic intervals in the Phosphoria Formation. Swanson (1970) discussed the 
mineral resources of the area.

In this part of southeastern Idaho from which the samples were taken, the 
Phosphoria Formation consists of three members, which in ascending order are the 
Meade Peak Phosphatic Shale, Rex Chert, and the informally named cherty shale



(McKelvey and others, 1959; Oberlindacher, 1990). Structurally, the formation is a 
folded, often steeply dipping unit with elongate surface or near surface exposures with 
north to northwest strike. Depending on the dip of the strata, a typical phosphate mine 
will be up to a few hundred meters deep and several km long. Over the 15 to 20 year life 
of a typical mine, 20 to 40 million tonnes of ore will be extracted and an amount of waste 
shale and chert of 2 to 5 times this amount will be generated and require disposal.

The Meade Peak is approximately 50 to 55m in thickness. It has a lower 
phosphate ore zone and an upper ore zone of approximately 10 and 5 m thickness, 
respectively. A waste shale zone, the upper waste, of 5 to 15 m thickness exists between 
the upper ore zone and the chert. The two ore zones are separated by a middle waste unit 
of shale that is approximately 18 to 20m thick. When the formation is mined, the two ore 
zones are removed and the middle waste shale is removed and backfilled into the mine pit 
or placed in a cross-valley fill waste pile:

The USGS has measured, described, and sampled a pair of stratigraphic sections 
from the Meade Peak at each of the four working phosphate mines in southeast Idaho 
(Tysdal and others, 1999, 2000a, 2000b, and 2000c). The rocks used to make the three 
standards were obtained from the same exposure of the Meade Peak that was described 
and sampled as Section B at the Enoch Valley mine (Tysdal and others, 1999). The 
section was measured on a horizontal surface exposed by mining equipment. Section B 
is relatively deep within the mine with respect to the land surface that existed prior to 
mining. As such, the rocks from this deep section are considerably less altered relative to 
shallower occurrences of the Meade Peak.

Environmental Concerns Se and other trace elements

Compared to most other marine shale, elevated concentrations of Se and other 
geoenvironmentally-sensitive trace elements (e.g. As, Cd, Cr, Cu, Mo, Ni, Se, Tl, U, V, 
and Zn) occur within the middle waste shale unit of the Meade Peak (Herring and others, 
1999, 2000a, 2000b, and 2000c), and their presence has raised concerns about 
introduction of these trace elements into the ecosystem as a result of mining and disposal 
of the waste shale. Elevated concentrations of Se and other trace elements known to be 
enriched in the middle waste shale can be mobilized from the rocks and transported into 
various components of the ecosystem (Herring, unpublished data; Stillings and others, 
2000; Piper and others, 2000)

Purpose and Utility of Project Check Standards

The purpose of the present study was to prepare, analyze, and distribute analytical 
standards with similar mineralogy and composition to the typical rocks being analyzed 
within the project. It is a distinct analytical advantage to have standards with 
concentrations of trace elements similar to those in the samples being analyzed. These 
standards are finely ground splits of composite channel samples of two sections of middle 
waste rock and one of ore and upper waste from Section B. Tysdal and others (1999) 
described this section, and Herring and others (1999) reported its analytical data. The



standards also consist of the same matrix composition on average an organic-rich, 
carbonate-containing mudstone or siltstone with moderate to significant enrichment of 
phosphorite although minor interbeds of dominant concentrations of the various end- 
member lithology also exist in the middle waste. Compared to typical, unmineralized 
rock standards, these standards contain elevated concentrations of many 
geoenvironmentally-sensitive trace elements, especially Cd, Cr, Mo, Ni, V, and Zn.

Location

The location of the sample site is shown in figure 1. The site lies approximately 
30 km northeast of Soda Springs, Idaho, in an area of southeastern Idaho that has had 
extensive phosphate mining over the past several decades and currently has four active 
phosphate mines.
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Figure 1. Index map of southeastern Idaho showing location of measured 
sections from which samples were collected.
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STUDY DESIGN AND SAMPLE COLLECTION

The rocks from which the standards were made were taken as channeled samples 
across three intervals of the middle waste, upper ore (partial) and upper waste zones 
(partial) of the Meade Peak. Sample intervals were arbitrary and taken across 
approximately 5 m of stratigraphic thickness. Samples were taken in a consistent manner 
over the entire interval and are intended to be generally representative of the composition 
of the interval as a whole. Approximately 50 kg of rock was collected at each of the 
three intervals. The bulk samples were shipped to the laboratories of the USGS in 
Denver, Colorado, for sample preparation.

Rock samples were dried in air at ambient temperature. Large pieces were 
disaggregated in a mechanical jaw crusher, and the entire sample was then ground in a 
ceramic ball rotary mill to 100 percent <100 mesh (0.15 mm). In reality, the particle size 
is even finer; for example, in POW-2 about one-half of the material is <200 mesh (0.075 
mm) and the other half is close to 200 mesh. Each standard was homogenized in a 
tumbler then transferred into a rotary splitter to ensure that splits are similar to the whole 
sample.

ANALYSIS
I 

Rock Chemical Analysis

Samples were analyzed for 40 major, minor, and trace elements using 4-acid 
digestion in conjunction with inductively coupled plasma-atomic emission spectrometry 
(ICP-AES). For the 40-element analysis (referred to as ICP-40), a 200 mg split was 
dissolved using a low-temperature (<150° C) digestion with concentrated hydrochloric,   
hydrofluoric, nitric, and perchloric acids (Jackson and others, 1987). The acidic sample 
solution was taken to dryness and the residue was dissolved with 1 ml of aqua regia and 
then diluted to 10.0 g with 1% (volume/volume) nitric acid. Sr concentrations are 
determined in both the ICP-40 and ICP-16 (see below) techniques, and the data from both 
techniques have been reported. The two techniques agree well; the R^. between them is 
>0.99 (Herring and others, 2000c). Based on other rock standards of known composition 
that accompanied analysis of the standards and the much larger set of rock samples, both 
ICP techniques also detect and measure Mn with similar accuracy and precision. 
However, the ICP-40 technique has a much lower detection limit, 4 parts per million 
(ppm) compared to the ICP-16 technique, 100 ppm. This lower detection limit is 
important in analyzing a few of the check standards with low Mn concentrations, 
particularly POW-1 and POW-2. Nonetheless, analytical data for both procedures are 
included in the data tables. The ICP-40 technique measures Au above 8 ppm and Ta 
above 40 ppm; however, no samples from either of the two sections had concentrations 
above these detection limits. Consequently, those data have been eliminated from the 
data files.

Another split of the sample was fused in lithium metaborate then analyzed by 
ICP-AES after acid dissolution of the fusion mixture. This technique, referred to as ICP- 
16, provides analysis of all major elements, including Si, and a few minor and trace



elements, 16 in all. Most importantly, this is the only analytical technique of those used 
that measures Si concentrations in these siliceous, phosphatic shale samples. Although 
the Meade Peak Phosphatic Shale Member is known mostly for its phosphorite content, it 
also contains minor to significant amounts of siliceous components, which occur in 
aluminosilicate minerals, quartz, or biogenic silica. Si measurement is not possible using 
the 4-acid digestion ICP-40 technique because the Si is lost as a volatile fluoride 
compound during digestion. Analysis of major elements using the fusion technique also 
provides a compositional check on the concentrations of these same elements as 
measured by acid digestion. Ti and Cr were analyzed using both ICP techniques, and the 
concentration data for both techniques are included in the analytical tables. However, the 
fusion technique is superior to acid digestion because of its ability to more completely 
digest resistant minerals that might contain those elements.

Se analysis was performed using hydride generation followed by atomic 
absorption (AA) spectroscopy. Se is not reported using either of the ICP techniques, as it 
is partially volatilized during sample preparation. The hydride/AA technique also is used 
for the analysis of As and Sb. For the analysis of As, the hydride analytical technique is 
considered to be more sensitive than the acid digestion ICP-AES analytical technique. 
Most Tl analyses were performed using hydride generation followed by atomic 
absorption spectroscopy. However, the earliest measurements of Tl concentrations on the 
phosphatic check standards included some analyses using a graphite furnace AA 
measurement after fusion of the sample and extraction using an organic solvent or by 
using ICP-Mass Spectrometry (ICP-MS). The concentration of Te, measured using AA 
graphite furnace spectroscopy, was only determined in early submissions of the samples 
and accompanying standards. For the three standards, it was reported only for the first 
submission sample of each standard listed in table 1. Its value was <LDL, 0.1 ppm, for 
all three standards.

Total S and total C were measured using combustion in oxygen followed by 
infrared measurement of the evolved CO2 and SO2. For the other forms of carbon, 
carbonate carbon was measured as evolved CO2 after acidification of the sample, and 
organic carbon was calculated as the difference between total and carbonate carbon.

The compilations by Arbogast (1996) and Baedecker (1987) include additional 
discussions about the various types of analytical methodology used in this study. As an 
indication of accuracy of the technique, data for the analysis of two standards that 
accompany sample submission to the analytical contractor are included in the table. 
These data include the relative standard deviation and the relative standard difference of 
quintuplicated analysis versus the known values of the standards SARL-1 and SARM-1 
(see Herring and others, 2000c, for additional discussion of these standards).

In addition to the above-discussed bulk chemical analysis using the analytical 
contractor, the standards were analyzed in-house using Energy Dispersive X-ray 
Fluorescence (EDXRF) analysis using a Spectro X-lab 2000 instrument. Table 2 lists the 
results of the individual analyses for each standard as well as the mean, relative standard 
deviation, and number of unqualified analyses for each of the three standards. As an 
indication of accuracy of the technique, the one-sigma error in percent for the analysis of 
two standard reference materials, NBS 2711 and NBS 2720, is included in the table. In 
addition to the elements listed, the technique also measures Bi and Ge, but none of the 
analyses was greater than the LDL for the method, 5 and 2 ppm, respectively. Ga and W



are also detected by this method, but all analyses had interference from other elements 
that prevented quantification.

X-ray Diffraction Analysis

Powder mounts of the three standards were analyzed using an x-ray 
diffractometer. The scans are shown in figure 2. The analytical data show that the most 
common mineral is quartz. POW-1 contains minor carbonate fluorapatite (CFA) and 
muscovite; POW-2 contains major CFA along with the quartz and minor muscovite, 
buddingtonite, and albite; and POI-1 contains minor dolomite, pyrite, CFA, muscovite, 
and albite. In POW-2, the minor buddingtonite explains in part its oxide sum <100%, 
because of nitrogen in that mineral. The nitrogen in buddingtonite or any other form is 
not detected by any of the analytical techniques used in this report.

Water Leachate Analysis

The analytical protocol for the water leachate experiments used 2.5g aliquots of 
each ground check standard mixed with 18 MQ deionized water in a watenrock ratio of 
20:1 by mass. After equilibration with the atmosphere, the pH of the deionized water 
typically reached 5.5. Leaching was passive, with no continuous agitation or shaking 
other than an initial gentle shake to ensure wetting of all ground rock and a second gentle 
shake to repeat the resuspension of solids after one hour. The samples were allowed to 
react at room temperature for 24 hours. In addition, extended leachate experiments were 
conducted on splits of each standard for 2, 5, and 10 days, and these extended leachate 
experiments had an accompanying single daily gentle shake for solids resuspension. 
After the reaction time, samples were centrifuged to separate most of the solids, then the 
solutions were decanted into rinsed syringes and filtered through a rinsed, 0.45 |im pore- 
size, cellulose nitrate depth filter. Immediately after filtration, the pH and conductivity 
(for total dissolved solids TDS) of the filtrates were measured. Filtrate samples for 
metals analysis by ICP-MS were acidified with Ultrex HNOs to a pH between 1 and 2, 
and those for anion analysis by ion chromatography (1C) were left untreated until 
analysis. We also evaluated another parameter, the ease of filtration, by noting 
subjectively whether the samples were easy, moderately difficult, or very difficult to 
force through the syringe filter compared to other leachate samples of the same rocks. In 
essence this provides a qualitative measure of how much fine-grained material on the 
order of one |im in size remains in the water and, by caking or clogging, reduces flow 
through the filter.

Dissolved cations were measured using ICP-MS (Lamothe and others, 1999), and 
dissolved anions were measured using a Dionex AS-14 ion chromatograph with 
bicarbonate eluent. The 1C measures nitrate, sulfate, chloride, and fluoride, and these 
data are reported. Orthophosphate is detected but was negligible in all samples.
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RESULTS

Table 1 lists the concentrations of various major, minor, and trace elements 
determined by the bulk chemical analysis. Accuracy is evaluated by examining the 
results obtained for two reference materials of known composition that are submitted 
with samples to be analyzed. Relative standard deviations specify the departures from 
accepted group mean concentrations. For the three phosphatic shale quality control 
check standards, the mean of the total number of analyses is shown and is italicized when 
there are one or more qualified concentrations. No replacements have been made of the 
qualified values to calculate mean concentrations. When more than one-half of the 
concentrations are qualified, the mean and standard deviation are not calculated.

The samples of the check standards were submitted to the contract laboratory a 
few at a time accompanying batches of other project rock samples. As such, this 
submission mimics a randomized sequence and minimizes errors from sources such as 
instrumental drift.

The abbreviations for analytical techniques in the column headings of tables with 
analytical results are defined as follows: 
XRD: X-ray diffraction 
EDXRF: Energy-dispersive x-ray fluorescence 
Hyd.: hydride generation ' 
CVAA: cold vapor atomic absorption 
FAA: flame atomic absorption
ICP-MS: inductively-coupled plasma spectrometry, mass spectrometry 
ICP-16: inductively-coupled plasma spectrometry, fusion digestion 
ICP-40: inductively-coupled plasma spectrometry, acid digestion 
1C: ion chromatography

A few of the phosphatic middle waste shale samples of the Meade Peak analyzed 
as a part of the Core J special chemistry samples (Herring and others, work in progress) 
were analyzed for ferrous iron (Fe+2). None of the three standards described in this report 
have been analyzed for Fe+2. It is likely, however, because of the geophemical similarity 
of the standards to these middle waste shale rocks of the J Core, that some of the iron 
reported in the standards occurs as Fe+2. In the 11 samples of the Core J special 
chemistry samples, the concentration of Fe+2 averaged 29 percent and ranged from 4 to 
100 percent of total iron. For the 4 samples of the middle waste shale of Core J the 
rocks likely to be most similar to the three standards Fe+2 averaged 13 percent of total 
Fe.

Analytical data for EDXRF analysis are listed in table 2. Accuracy information, 
based on analysis of standards with published, known values, is included in the table. 
Analytical data for the leachate analyses are listed in table 3. Analyses of deionized 
water blanks for the 1C and ICP-MS techniques are included in the table.
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SUMMARY

The preparation and use of these standards are intended to provide better quality control 
for analytical research on phosphatic shales by USGS researchers and others. These 
materials are not certified as U.S. Geological Survey reference materials. The check 
standards are available to all interested persons and collaborators within the project upon 
request.
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